SUMMARY The effect of dietary manipulation of fat and fibre on the structural and cell kinetic characteristics of colonic mucosa was studied before and during experimental carcinogenesis in 232 male Albino Swiss rats. Carcinogen treated animals were given 12 weekly injections of azoxymethane (10 mg/kg/week). The animals were divided between four dietary groups (1) high fat, high fibre, (2) low fat, high fibre, (3) high fat, low fibre and (4) 
In the process of neoplastic transformation it is clear that functional disturbances in the proliferative characteristics of any tissue undergoing neoplastic change are required before the development of the recognisable morphological abnormalities that constitute neoplasia. Current understanding of the histogenesis of colorectal cancer owes much to morphological studies.67 Until recently, however, there has been relatively little emphasis on the study of the functional changes in growth characteristics which can account for the resulting histological pattern.' Thus kinetic parameters demand scrutiny in any serious study of the histogenesis of colorectal cancer.
It is clear, therefore, that both dietary factors and cell kinetic characteristics bear a fundamental relationship to the development of colorectal cancer. The purpose of this study was to examine and characterise the effects of the manipulation of dietary fat and fibre on the structural and cell kinetic characteristics of colonic mucosa during the induction of experimental large bowel cancer.
Methods

STUDY DESIGN
The experimental system used in this study involved the induction of colorectal cancer in inbred, male Albino Swiss rats using subcutaneous azoxymethane given in a dose of 10 mg/kg/week for 12 consecutive weeks. The animals were [8] [9] [10] [11] [12] weeks old at the start of the experiment and they were housed in cages with stainless steel grid floors to minimise coprophagia. Two hundred and thirty two animals were studied and divided between four dietary groups. Both the experimental diets and water were available to the animals ad libitum. The diets were commercially prepared to the crude nutrient specifications shown in Table 1 . (Special Diet Services, Witham, Essex). At the time of death an identical sampling procedure was followed for each group of up to 12 animals. Eight of these animals were used for the stathmokinetic analysis. These animals received intraperitoneal vincristine (1 mg per kg) at 9 00 am on the day of study. Individual animals within the group were then killed at carefully defined time intervals (30, 45, 60, 75, 90, 105, 120 , and 180 minutes) over the ensuing three hours.9 All of these animals were then subjected to the same post mortem examination. The gastrointestinal tract was excised and opened along its length. Standard full thickness specimens were taken from the colon at four defined sites corresponding to the rectum, the descending colon, the major flexure and the caecum. Two corresponding samples were taken from each of these four areas and were processed for histology and cell population kinetic analysis respectively. To facilitate the analysis of the SEM appearances a scoring system was used. This was developed from a previously validated system for the assessment of villous damage in irradiated small intestinal mucosa."
The scoring system is as follows: 0: Spherical or ovoid crypt units with round or ovoid crypt orifices; normal appearance. (Fig. 1) Morphologicla(nd1 ccli kinetic effe(ts of'(lietary nanipiilatioti ldrinig colorec-dtil carciniogenesi.s in normal hydrochloric acid at 60'C for 10 minutes before staining in Schiffs reagent for one hour. The mucosa was then microdissected and a squashed preparation of whole colonic crypts was obtained which was then mounted in clear epoxy resin. Mean whole crypt metaphase counts from 10 crypts in each sample were then plotted against time to derive the crypt cell production rate by linear regression analysis.
STATISTICA1 ANAL YSIS
In order to make estimates of the independent effects of the different levels of dietary fat and fibre intakes as well as the administration of a carcinogen, the use of a multivariate analysis was required. This was accomplished using the computer package GLIM'' (Generalised Linear Interactive Modelling). In order to test whether the crypt cell production rates differed between the dietary groups a modified linear regression analysis was used. Because each point on any slope was calculated from a number of observations and the standard errors of each point varied considerably, it was necessary to perform the regression 'weighting' each point inversely according to its standard error. This avoided the situation where one very high or low aberrant value based on few observations could over-influence the calculated slope.
FAECAI CHARACTFRISTICS
The weight of faeces produced by animals in the four dietary groups within the 4/12 category was recorded during two separate seven day periods. These periods were located during week six and week 16, -that is, half way through the course of injections and immediately before death.
Faeces from each animal were tested just before death for the presence of occult blood using a modified guiac test. (Hlaemoccult; Eaton Labs).
The identification and quantification of faecal steroids was done as previously described.' Faecal samples from each group were pooled and extracts This revealed that the median number of tumours for each of the dietary groups showed statistically significant differences (p<0-025). Follow up MannWhitney U tests were carried out to compare each diet with each of the other diets. Diet 1 had significantly fewer tumours than diet 3 (p<0-02) and diet 4 (p<0-05). Diet 2 had significantly fewer tumours than diet 3 (p<0.02) and diet 4 (p<0.05). Finally, diet 3 animals had significantly more tumours than diet 4 counterparts.
In total, 55 gastrointestinal neoplasms were confirmed among all the carcinogen treated groups in these experiments. Six (10-9%) of these lesions were found in animals fed diet 1. Two (3-6%) of the lesions occurred in animals fed diet 2 (low fat, high fibre). In contrast, 35 (63.7%) occurred in high fat, low fibre fed animals, -that is, diet 3, and the remaining 12 (21-8%) were found in the low fat, low fibre fed group.
Careful assessment of crypt length showed no evidence of any significant differences between any carcinogen treated groups and their corresponding controls. Thus in this study there is no direct evidence of any azoxymethane induced crypt hyperplasia. 
TOPOGRAPHICAL CHARACTERISTICS
No major topographical changes can be attributed to diet along the colon, although slight differences in surface architecture were apparant between the dietary groups, with the highest crypt unit integrity score applying to animals fed diet 2 (low fat, high fibre). After carcinogen treatment a much greater degree of deviation from the normal pattern was seen. These changes were most severe in the animals fed diet 3 (high fat, low fibre), see Figure 3 . Figure 4 shows an example of the scanning electron microscopic appearances of a lesion considered to represent early colonic neoplasm. The significant differences generated are shown in Figure 5 which shows that there was no clear or consistent effect of any individual diet on cell kinetic parameters. In the 0/12 category the only significant dietary influence in kinetic parameters occurred in the most distal portion of the bowel. Fibre seems to have a more pronounced individual effect than fat, the tendency being for the diets containing high levels of fibre to be associated with more rapid cell proliferation than those containing less fibre.
CEI L POPUI ATION KINETICS
In the 4/12 control category significant dietary influences were again seen in the distal colorectum. Here, however, attempts to distinguish individual effects of fat and fibre yield conflicting impressions and the results appear inconsistent. In the 4/12 carcinogen treated animals the most interesting and consistent contrasts appear. Dietary effects can be seen at each of the anatomical sites examined. For the rectum the individual fat and fibre effects are such that in the significant differences which do appear, high fat is associated with slower CCPR and high fibre with faster CCPR. For the descending and transverse colon exactly the same individual nutrient effects can be seen and reinforcing this, in each instance the low fat high fibre diet (diet 2) was associated with significantly faster CCPR than the high fat low fibre diet (diet 3). In the caecum no significant individual effect of fat can be identified but, once again, increased dietary fibre was associated with faster CCPR.
In the 6/12 control animals the kinetic activity is rather more even and no significant dietary differences appeared. In the corresponding carcinogen treated animals there was only one isolated difference between diets 1 and 4. Table 4 shows the weight of faecal output for control and carcinogen treated groups, during both week six and week 16 of the study, averaged and expressed as grams of faeces per rat per 24 hours. High fibre containing diets (diets 1 and 2) were associated with a much more marked bulking effect than the low fibre containing diets (p<0-001). Furthermore no significant differences were seen which could be attributed to dietary fat or the administration of carcinogen.
FAECAI CHARACTERISTICS PHYSICAL PROPERTIES
FAECAL OCCULT BLOOD
In 208 animals Haemoccult tests were carried out and 22 (10-57%) were positive. Sensitivity and specificity have been calculated with respect to macroscopically obvious gastrointestinal lesions which subsequently were confirmed to be neoplastic on histological examination. There were five false positive slides and one false negative. Thus the test had a sensitivity of 94*4% and a specificity of 97*3% The predictive accuracy was 77-2% for a positive result and 99*4% for a negative result.
FAECAL BILE ACID CONCENTRATION Figure 6 shows a summary of the total faecal free bile acid (FBA) concentration expressed as milligrams per gram dry faeces. The total FBA concentration in dietary groups 1 and 2, the high fibre containing diets, While the fundamental relevance of cell kinetic studies to colorectal neoplasia is not in dispute, the actual kinetic processes involved in tumour development are more controversial. Dietary manipulation in this study produced no overall clear-cut kinetic effect. Carcinogen treated groups in the preneoplastic phase of tumour development (4/12 category) did not show some striking fat and fibre related trends in colonic proliferative activity. The slower kinetic activity tended to occur in dietary groups at high risk for tumour induction, the lower risk diet groups having more rapid cell production rates. High fibre containing diets were frequently associated with fast cell production, while high fat, in contrast, was often linked to slower cell proliferation. There were no kinetic effects attributable to individual factors such as azoxymethane, protein, carbohydrate, energy intake or body weight.
In view of the presence of discernable diet related kinetic effects at only one stage of carcinogenesis it may be postulated that these proliferative patterns are relevant to subsequent tumour production at one crucial part of a complex multistage process. Much evidence is now aivailable to support the concept that rapid proliferative activity present at the time of initiation enhances carcinogenesis.4`-" This study is the first to report proliferative differences related to dietary promoting and protecting factors during the postinitiation phase. A study"7 in which dietary fibre has been manipulated, however, has suggested that the hyperproliferative effect of fibre has an enhancing effect on tumour initiation but a protective effect during promotion. No hyperplasia after azoxymethane treatment was noted in this study. Sunter2" did find such hyperplasia in a closely similar experimental model and it seemed to be accompanied by a rise in cell production rate as carcinogenesis progressed. Cooke'9 also noted progressively increasing crypt cell production rates as neoplasia progressed, although it is of interest that the tumour distribution in their study corresponded to the areas where crypt cell production rate had been slowest during the early stages of promotion.
The work reported here together with that of Tutton and Barkla3' appears to conflict with the suggestion that an increased cell proliferation rate is a fundamental kinetic process during tumour induction. Indeed these latter studies emphasise the importance of a slowly proliferating cell population to the evolution of colorectal neoplasia. Specific slowing of cell proliferation within an initiated cell population may allow those cells more time within the mucosa to establish their selective growth advantage. Given that tumour development probably involves many stages it may be that all these kinetic observations are not incompatible, but reflect measurements made at different parts of a complex process. The relationship between cell kinetics, tumour promotion and histogenesis requires further study to determine more accurately whether the cell kinetic differences seen in this study are crucial or epiphenomenal. 
